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ABSTRACT 
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mission in a second wireless network . Determining the 
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a second communication device in the second wireless 
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packet , to not transmit an acknowledgment of the first packet 
according to a normal acknowledgment procedure during 
the spatial reuse opportunity . The first communication 
device transmits the first packet at the determined transmit 
power , and receives the acknowledgement from the third 
communication device , the acknowledgement having not 
been transmitted according to the normal acknowledgment 
procedure . 
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FIG . 4 

A first communication device in a first wireless network 
determines a transmit power for transmitting a first packet 

during a spatial reuse opportunity corresponding to a 
transmission in a second wireless network , wherein 

determining the transmit power includes using a spatial reuse 
parameter included in a second packet transmitted by a 

second communication device in the second wireless network , 
wherein the spatial reuse parameter is indicative of an 

acceptable interference level in the second wireless network 
404 
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The first communication device generates the first packet to 
include information to indicate to a third communication device 
that the third communication device should not transinit a third 

packet according to a normal acknowledgment procedure 
during the spatial reuse opportunity wherein the third packet is 

an acknowledgment of the first packet 408 

wwwwwwwwwwwwww The first communication device transmits the first packet at the 
determined transmit power 412 

VARANNANAN The first communication device receives the third packet , 
which was not transmitted according to the normal 

acknowledgment procedure 416 NAN 
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FIG . 5 

A first communication device in a first wireless network 
receives a first packet from a second communication device in 

the first wireless network 504 WANAUMANN 

The first communication device determines that the first packet 
was transmitted during a spatial reuse opportunity 

corresponding to a transmission in a second wireless network wwwwwwwwwwwwwww 

The first communication device generates a second packet to 
acknowledge receipt of the first packet 512 

In response to determining that the first packet was transmitted 
during the spatial reuse opportunity corresponding to the 

transmission in the second wireless network , the first 
communication device transmits the second packet according 

to a procedure that is not a normal acknowledgment 
procedure , including at least one of : 

i ) performing a CCA procedure to determine whether a 
communication channel is idle , and transmitting the second 
packet responsive to determining that the communication 

channel is idle , and / or 
ii ) transmitting the second packet at a transmit power 
that is lower than a normal transmit power 

516 
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FIG . 7 
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SPATIAL REUSE TRANSMISSIONS IN packet during a spatial reuse opportunity corresponding to a 
WIRELESS LOCAL AREA NETWORKS transmission in a second wireless network , wherein deter 

( WLANS ) mining the transmit power includes using a spatial reuse 
parameter included in a second packet transmitted by a 

CROSS REFERENCES TO RELATED 5 second communication device in the second wireless net 
APPLICATIONS work , wherein the spatial reuse parameter is indicative of an 

acceptable interference level in the second wireless network , 
This application claims the benefit of U . S . Provisional generate the first packet to include information to indicate to 

Patent Application No . 62 / 396 , 961 , entitled “ Spatial Reuse a third communication device that the third communication 
Discussion , ” filed on Sep . 20 , 2016 , the disclosure of which 10 device should not transmit a third packet according to a 
is hereby expressly incorporated herein by reference in its normal acknowledgment procedure during the spatial reuse 
entirety . opportunity , wherein the third communication device is an 

intended receiver of the first packet , and wherein the third FIELD OF TECHNOLOGY 15 packet is an acknowledgment of the first packet , transmit the 
first packet at the determined transmit power , and receive the The present disclosure relates generally to wireless com 

munication systems , and more particularly to concurrent third packet from the third communication device , the third 
packet having not been transmitted according to the normal transmission techniques in proximate wireless networks . acknowledgment procedure during the spatial reuse oppor 

BACKGROUND 20 tunity . 
In still another embodiment , a method includes : receiving , 

Wireless local area networks ( WLANs ) have evolved at a first communication device in a first wireless network , 
rapidly over the past decade , and development of WLAN a first packet from a second communication device in the 
standards such as the Institute for Electrical and Electronics first wireless network ; determining , at the first communica 
Engineers ( IEEE ) 802 . 11 Standard family has improved 25 tion device , that the first packet was transmitted during a 
single - user peak data throughput . For example , the IEEE spatial reuse opportunity corresponding to a transmission in 
802 . 11b Standard specifies a single - user peak throughput of a second wireless network ; generating , at the first commu 
11 megabits per second ( Mbps ) , the IEEE 802 . 11a and nication device , a second packet that is an acknowledgment 
802 . 11g Standards specify a single - user peak throughput of of the first packet ; and in response to determining that the 
54 Mbps , the IEEE 802 . 11n Standard specifies a single - user 30 first packet was transmitted during the spatial reuse oppor 
peak throughput of 600 Mbps , and the IEEE 802 . 11ac tunity corresponding to the transmission in the second Standard specifies a single - user peak throughput in the wireless network , transmitting the second packet according gigabits per second ( Gbps ) range . Future standards promise to a procedure that is not a normal acknowledgment proce to provide even greater throughput , such as throughputs in dure , including at least one of : i ) performing a clear channel the tens of Gbps range . assessment ( CCA ) procedure to determine whether a com 

SUMMARY munication channel is idle , and transmitting the second 
packet responsive to determining that the communication 

In an embodiment , a method includes : determining , at a channel is idle , and / or ii ) transmitting the second packet at 
first communication device in a first wireless network , a 40 a transmit power that is lower than a normal transmit power . 
transmit power for transmitting a first packet during a spatial In yet another embodiment , an apparatus comprising a 
reuse opportunity corresponding to a transmission in a network interface device associated with a first communi 
second wireless network , wherein determining the transmit cation device in a first wireless network . The network 
power includes using a spatial reuse parameter included in interface device includes one or more integrated circuits 
a second packet transmitted by a second communication 45 ( ICs ) configured to : receive a first packet from a second 
device in the second wireless network , wherein the spatial communication device in the first wireless network , deter 
reuse parameter is indicative of an acceptable interference mine that the first packet was transmitted during a spatial 
level in the second wireless network ; generating , at a first reuse opportunity corresponding to a transmission in a 
communication device , the first packet to include informa second wireless network , generate a second packet that is an 
tion to indicate to a third communication device that the 50 acknowledgment of the first packet , and in response to 
third communication device should not transmit a third determining that the first packet was transmitted during the 
packet according to a normal acknowledgment procedure spatial reuse opportunity corresponding to the transmission 
during the spatial reuse opportunity , wherein the third com - in the second wireless network , transmit the second packet 
munication device is an intended receiver of the first packet , according to a procedure that is not a normal acknowledg 
and wherein the third packet is an acknowledgment of the 55 ment procedure , including at least one of : i ) performing a 
first packet ; transmitting , by the first communication device , clear channel assessment ( CCA ) procedure to determine 
the first packet at the determined transmit power ; and whether a communication channel is idle , and transmitting 
receiving , at the first communication device , the third packet the second packet responsive to determining that the com 
from the third communication device , the third packet munication channel is idle , and / or ii ) transmitting the second 
having not been transmitted according to the normal 60 packet at a transmit power that is lower than a normal 
acknowledgment procedure during the spatial reuse oppor - transmit power . 
tunity . 

In another embodiment , an apparatus comprises a net BRIEF DESCRIPTION OF THE DRAWINGS 
work interface device associated with a first communication 
device in a first wireless network . The network interface 65 FIG . 1 is a block diagram of an example system having 
device includes one or more integrated circuits ( ICs ) con - multiple wireless local area networks ( WLANs ) , according 
figured to : determine a transmit power for transmitting a first to an embodiment . 
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FIG . 2 is a diagram of an example communication system The network interface 122 is implemented using one or 
that includes two wireless networks with overlapping cov - more integrate circuits ( ICs ) configured to operate as dis 
erage areas . cussed below . For example , the MAC processor 126 may be 

FIG . 3 is a timing diagram of example transmissions in implemented , at least partially , on a first IC , and the PHY 
the communication system of FIG . 2 , according to an 5 processor 130 may be implemented , at least partially , on a 
embodiment . second IC . As another example , at least a portion of the 

FIG . 4 is a flow diagram of an example method for MAC processor 126 and at least a portion of the PHY 
transmitting a packet during a spatial reuse transmission processor 130 may be implemented on a single IC . For 
opportunity such that a receiving device does not transmit an instance , the network interface 122 may be implemented 
acknowledgment ( ACK ) according to a normal acknowl - 10 using a system on a chip ( SOC ) , where the SoC includes at 
edgment procedure , according to an embodiment . least a portion of the MAC processor 126 and at least a 

FIG . 5 is a flow diagram of an example method for portion of the PHY processor 130 . 
transmitting an ACK , according to an embodiment . In various embodiments , the MAC processor 126 and / or 

FIG . 6 is a timing diagram of example transmissions in the PHY processor 130 of the AP 114 - 1 are configured to 
the communication system of FIG . 2 , according to an 15 generate data units , and process received data units , that 
embodiment . conform to a WLAN communication protocol such as a 

FIG . 7 is a flow diagram of an example method for communication protocol conforming to the IEEE 802 . 11 
selectively transmitting a data packet during a spatial reuse Standard or another suitable wireless communication pro 
transmission opportunity , according to an embodiment . tocol . For example , the MAC processor 126 may be con 

FIG . 8 is a timing diagram of example transmissions in a 20 figured to implement MAC layer functions , including MAC 
communication system similar to the communication system layer functions of the WLAN communication protocol , and 
of FIG . 2 , but including a third wireless network , according the PHY processor 130 may be configured to implement 
to an embodiment . PHY functions , including PHY functions of the WLAN 

FIG . 9 is a timing diagram of example transmissions in communication protocol . For instance , the MAC processor 
the communication system of FIG . 2 , according to an 25 126 may be configured to generate MAC data units such as 
embodiment . MAC service data units ( MSDUS ) , MAC protocol data units 

( MPDUs ) , etc . , and provide the MAC data units to the PHY 
DETAILED DESCRIPTION processor 130 . The PHY processor 130 may be configured 

to receive MAC data units from the MAC processor 126 and 
To promote more efficient use of a channel medium when 30 encapsulate the MAC data units to generate PHY data units 

two wireless networks are operating in proximity , a first such as PHY protocol data units ( PPDUS ) for transmission 
communication device in a first wireless network is permit - via the antennas 138 . Similarly , the PHY processor 130 may 
ted to transmit , under certain conditions , a packet to a second be configured to receive PHY data units that were received 
communication device in the first wireless network while a via the antennas 138 , and extract MAC data units encapsu 
transmission in a second wireless network is occurring . For 35 lated within the PHY data units . The PHY processor 130 
example , the first communication device may transmit the may provide the extracted MAC data units to the MAC 
packet at a reduced transmit power level to avoid interfering processor 126 , which processes the MAC data units . 
with the transmission in the second wireless network . Typi - The WLAN 110 - 1 includes a plurality of client stations 
cally , the second communication device in the first wireless 154 . Although two client stations 154 are illustrated in FIG . 
network will automatically transmit an acknowledgment 40 1 , the WLAN 110 - 1 includes other suitable numbers ( e . g . , 1 , 
( ACK ) to the first communication device a defined time 3 , 4 , 5 , 6 , etc . ) of client stations 154 in various embodiments . 
period after the end of the packet . However , if the second The client station 154 - 1 includes a host processor 158 
communication device is located closer to the second wire - coupled to a network interface device 162 . The network 
less network than the first communication device , the ACK interface 162 includes a MAC processor 166 and a PHY 
from the second communication device may interfere with 45 processor 170 . The PHY processor 170 includes a plurality 
the transmission in the second wireless network even though of transceivers 174 , and the transceivers 174 are coupled to 
the packet from the first communication device did not . a plurality of antennas 178 . Although three transceivers 174 
Various embodiments described below provide example and three antennas 178 are illustrated in FIG . 1 , the client 
techniques for avoiding transmission of an ACK that inter - station 154 - 1 includes other suitable numbers ( e . g . , 1 , 2 , 4 , 
feres with a concurrent transmission in a neighboring wire - 505 , etc . ) of transceivers 174 and antennas 178 in other 
less network . embodiments . In some embodiments , the client station 

FIG . 1 is a block diagram of an example communication 154 - 1 includes a higher number of antennas 178 than 
system including multiple WLANs 110 , according to an transceivers 174 , and antenna switching techniques are 
embodiment . A first WLAN 110 - 1 includes an access point utilized . 
( AP ) 114 - 1 that comprises a host processor 118 coupled to 55 The network interface 162 is implemented using one or 
a network interface device 122 . The network interface 122 more ICs configured to operate as discussed below . For 
includes a medium access control layer ( MAC ) processor example , the MAC processor 166 may be implemented on 
126 and a physical layer ( PHY ) processor 130 . The PHY at least a first IC , and the PHY processor 170 may be 
processor 130 includes a plurality of transceivers 134 , and implemented on at least a second IC . As another example , at 
the transceivers 134 are coupled to a plurality of antennas 60 least a portion of the MAC processor 166 and at least a 
138 . Although three transceivers 134 and three antennas 138 portion of the PHY processor 170 may be implemented on 
are illustrated in FIG . 1 , the AP 114 - 1 includes other suitable a single IC . For instance , the network interface 162 may be 
numbers ( e . g . , 1 , 2 , 4 , 5 , etc . ) of transceivers 134 and implemented using an SoC , where the SoC includes at least 
antennas 138 in other embodiments . In some embodiments , a portion of the MAC processor 166 and at least a portion of 
the AP 114 - 1 includes a higher number of antennas 138 than 65 the PHY processor 170 . 
transceivers 134 , and antenna switching techniques are In various embodiments , the MAC processor 166 and the 
utilized . PHY processor 170 of the client device 154 - 1 are configured 
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to generate data units , and process received data units , that the medium is idle , and not decremented during the time slot 
conform to the WLAN communication protocol or another if the energy level of the medium indicates the medium is 
suitable communication protocol . For example , the MAC busy . When the backoff counter reaches zero and if the 
processor 166 may be configured to implement MAC func - energy level of the medium indicates the medium is idle , the 
tions , including MAC functions of the WLAN communica - 5 device can transmit . 
tion protocol , and the PHY processor 170 may be configured threshold energy level for determining whether the 
to implement PHY functions , including PHY functions of medium is idle or busy may depend upon the bandwidth of 
the WLAN communication protocol . The MAC processor the channel being used by the device and on whether the 
166 may be configured to generate MAC data units such as energy corresponds to a transmission that conforms to the 
MSDUS , MPDUs , etc . , and provide the MAC data units to 10 wireless communication protocol . For example , in the IEEE 
the PHY processor 170 . The PHY processor 170 may be 802 . 11 Standard , if the channel bandwidth is 20 Megahertz 
configured to receive MAC layer data units from the MAC ( MHz ) , the threshold level is - 82 decibel - milliwatts ( dBm ) 
processor 166 and encapsulate the MAC data units to for energy from valid 802 . 11 transmissions . For channel 
generate PHY data units such as PPDUs for transmission via bandwidths of 40 MHz , 80 MHz , and 160 MHz , the thresh 
the antennas 178 . Similarly , the PHY processor 170 may be 15 old levels are - 79 dBm , - 76 dBm , and - 73 dBm , respec 
configured to receive PHY data units that were received via tively . Using these threshold levels for CCA is sometimes 
the antennas 178 , and extract MAC data units encapsulated referred to herein as a " static CCA ” procedure . These 
within the PHY data units . The PHY processor 170 may threshold levels are sometimes referred to herein as " default 
provide the extracted MAC data units to the MAC processor threshold levels ” . For energy not identified by the device as 
166 , which processes the MAC data units . 20 a valid 802 . 11 signal , the threshold level is - 62 dBm . 

In an embodiment , the client station 154 - 2 has a structure In accordance with the CSMA / CA protocol discussed 
that is the same as or similar to the client station 154 - 1 . The above , a communication device ( e . g . , one of the stations 
client station 154 - 2 structured the same as or similar to the 154 ) within the network 110 - 1 will generally not be permit 
client station 154 - 1 has the same or a different number of ted to transmit while another communication device within 
transceivers and antennas . For example , the client station 25 the network 110 - 1 is transmitting ( sometimes referred to as 
154 - 2 has only two transceivers and two antennas ( nota same - BSS or intra - BSS transmission ) . However , as will be 
shown ) , according to an embodiment . discussed below , if a communication device in the network 

The system illustrated in FIG . 1 also includes a WLAN 110 - 1 determines that a transmission is from another net 
110 - 2 . The WLAN 110 - 2 includes an AP 114 - 2 and a work ( e . g . , the network 110 - 2 ) ( sometimes referred to as an 
plurality of client stations 194 . In an embodiment , the AP 30 OBSS or inter - BSS transmission ) , the communication 
114 - 2 has a structure that is the same as or similar to the AP device in the network 110 - 1 will , if certain conditions are 
114 - 1 . The AP 114 - 2 structured the same as or similar to the satisfied , be permitted to transmit during the OBSS trans 
AP 114 - 1 has the same or a different number of transceivers mission . Such a transmission is referred to herein as a spatial 
and antennas . For example , the AP - 2 has only two trans - reuse ( SR ) transmission . As will be described below , the 
ceivers and two antennas ( not shown ) , according to an 35 transmit power of an SR transmission in the network 110 - 1 
embodiment . is reduced ( e . g . , as compared to a non SR transmission ) to 

In an embodiment , the client stations 194 each have a mitigate degradation of the transmission in the network 
respective structure that is the same as or similar to the client 110 - 2 . 
station 154 - 1 . Each client station 194 structured the same as In order for a communication device that is compliant 
or similar to the client station 154 - 1 has the same or a 40 with a communication protocol ( e . g . , the IEEE 802 . 11ax 
different number of transceivers and antennas . For example , protocol , now under development , or another suitable wire 
the client station 194 - 1 has only two transceivers and two less communication protocol ) to determine whether a given 
antennas ( not shown ) , according to an embodiment . transmission corresponds to a same - BSS or to an OBSS , the 

Although two client stations 194 are illustrated in FIG . 1 , device may obtain a BSS color from a PHY header ( e . g . , 
the WLAN 110 - 2 includes other suitable numbers ( e . g . , 1 , 3 , 45 within a high efficiency signal field A ( HE - SIGA ) ) in the 
4 , 5 , 6 , etc . ) of client stations 194 in various scenarios and transmission , and compare the BSS color in the PHY header 
embodiments . to a color of the BSS to which the device belongs . A BSS 

Wireless networks such as the networks 110 are some - color is an identifier of a wireless network , according to an 
times referred to as basic service sets ( BSSs ) . When trans embodiment . In some embodiments , AP1 chooses a BSS 
missions from one BSS are received by devices in another 50 color for the network 110 - 1 and communicates the chosen 
BSS , and vice versa , the BSSs are sometimes referred to as BSS color to client stations 154 within the network 110 - 1 
overlapping BSSs ( OBSSs ) . For example , in one scenario , ( e . g . , via beacon frames , control frames , etc . ) . 
the network 110 - 2 is an OBSS with respect to the network Thus , if communication device determines that a BSS 
110 - 2 , and vice versa . color in a PHY header of a packet is the same as a BSS color 

In an embodiment , the APs 114 and the client stations 55 of the wireless network to which the communication 
154 / 194 contend for a communication medium using carrier belongs , the communication device concludes that the 
sense multiple access with a collision avoidance ( CSMA packet corresponds to is a same - BSS transmission . On the 
CA ) protocol or another suitable medium access protocol . In other hand , if the BSS color in the PHY header of the packet 
an embodiment , the APs 114 and the client stations 154 / 194 is different than the BSS color of the wireless network to 
employ a clear channel assessment ( CCA ) procedure , in 60 which the communication belongs , then the communication 
which the AP / client station determines an energy level of the device concludes that the packet corresponds to an OBSS 
medium in order to determine whether the medium is busy transmission . If the packet corresponds to an OBSS trans 
or idle . Generally speaking , if the energy level indicates the mission , the communication device may determine whether 
medium is idle , the device can transmit . On the other hand , conditions for an SR transmission are or can be satisfied , in 
if the energy level indicates the medium is busy , the device 65 some embodiments . 
sets a backoff counter . The backoff counter is decremented In another embodiment , the communication device ana 
during a time slot if the energy level of the medium indicates lyzes one or more MAC address fields in the MAC header 
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of the packet to decide whether the received frame is from For example , the trigger frame 312 includes a spatial 
the same BSS . For example , one or more MAC address reuse parameter ( SRP ) which is generally indicative of an 
fields in the MAC header include the BSSID of the BSS to acceptable level of interference that the AP1 can tolerate 
which the packet belongs , at least in some scenarios . Thus , when the AP1 is receiving . In an embodiment , STA21 can 
in an embodiment , when a client station detects a packet , the 5 use the SRP to determine a maximum transmit power that 
client station compares i ) a MAC address field , in the MAC STA21 can use for an SR transmission ( TXpower SR . mar ) 
header of the packet , that carries the BSSID , with ii ) the during the UL MU PHY data unit 316 . In an illustrative 
BSSID of the BSS to which the client station belongs . If the embodiment , TXpower SR , max corresponds to : 
BSSID in the MAC address field of the MAC header is the 
same as the BSSID of the BSS to which the client station 10 T ' Xpower sr , max = Interference accept + Path _ loss Equation 1 
belongs , the client station determines that the detected frame where Interference accept is the acceptable level of interfer 
is from the same - BSS . On the other hand , if none of the one ence that the AP1 can tolerate when the AP1 is receiving , 
or more MAC address fields , in the MAC header , that carry and Path _ loss is a signal attenuation from STA21 to AP1 . 
the BSSID are the same as the BSSID of the BSS to which Path _ loss can be determined as : 
the client station belongs , the client station determines that 15 
the detected frame is from an OBSS . Path _ loss = TXpower AP1 - RSSISTA21 Equation 2 

FIG . 2 is a diagram of another example communication where TXpower Api is a transmit power used by AP1 when 
system 200 that includes a first AP ( AP1 ) 204 that serves a transmitting the trigger frame 312 , and RSSISTA21 is a 
first network ( BSS1 ) with a coverage area 208 . The com received signal strength corresponding to the trigger frame 
munication system 200 also includes a second AP ( AP2 ) 212 20 312 as measured at STA21 . Thus , Equation 1 can be 
that serves a second network ( BSS2 ) having a second rewritten as : 
coverage area 216 . BSS2 is an OBSS to BSS1 , and vice 
versa . TXpowers , max = Interference accep + TXpower AP1 - RS 

Equation 3 The first AP 204 and / or the second AP 212 have a 
structure the same as or similar to the example AP 114 - 1 in 25 In an embodiment , AP1 determines the SRP parameter as : 
FIG . 1 , in an embodiment . In other embodiments , the first 
AP 204 and / or the second AP 212 have a different suitable SRP = Interference accepr + TXpower api Equation 4 
structure . Thus , Equation 3 can be rewritten as : 
BSS1 includes a client station 224 ( STA11 ) and a client 

station 228 ( STA12 ) . The client station 224 and / or the client 30 TXpower sr , max = SRP - RSSISTA21 Equation 5 
station 228 have a structure the same as or similar to the As discussed above , the trigger frame 312 includes SRP . 
example client station 154 - 1 in FIG . 1 , in an embodiment . In Additionally , the trigger frame 312 includes a BSS color 
other embodiments , the client station 224 and / or the client parameter , and an indication of a duration of the UL MU 
station 228 have a different suitable structure . PHY data unit 316 , e . g . , in respective fields of the trigger 
BSS2 includes a client station 240 ( STA21 ) . The client 35 frame 312 . 

station 240 has a structure the same as or similar to the AP1 transmits the trigger frame 312 ( e . g . , within a DL 
example client station 154 - 1 in FIG . 1 , in an embodiment . In MU PPDU ) , which is received by STA11 , STA12 , and 
other embodiments , the client station 240 has a different STA21 . STA21 ( e . g . , the PHY processor 170 of the network 
suitable structure . interface device 162 ) measures a received signal strength 

In an example scenario depicted in FIG . 2 , STA11 and 40 ( RSSISTA21 ) of the DL MU PPDU , which includes the 
STA12 are participating in an uplink ( UL ) multi - user ( MU ) trigger frame 312 . In an embodiment , upon STA21 receiving 
transmission in which a plurality of client stations ( including the trigger frame 312 , STA21 determines the SRP , the 
STA11 and STA12 ) transmit simultaneously to AP1 . For BSSID , and the value indicating the duration of the UL MU 
example , an UL MU transmission may employ orthogonal PHY data unit 316 from the signal fields in the trigger frame 
frequency division multiple access ( OFDMA ) or MU mul - 45 312 . Using the SRP and the measured RSSISTA21 , STA21 
tiple input , multiple output ( MU - MIMO ) techniques , in calculates TXpower SR . max according to Equation 5 , for 
some embodiments . example . Additionally , STA21 calculates a duration of an SR 

FIG . 3 is a timing diagram of transmissions in the system transmission opportunity ( Durationsr opp ) using the value 
200 of FIG . 2 . For example , transmissions 301 are made by indicating the duration of the UL MU PHY data unit 316 . In 
communication devices in BSS1 , whereas transmissions 308 50 an embodiment , AP2 can also calculate TXpowersr , mar 
are made by communication devices in BSS2 . and / or Durationsr opp in a similar manner in connection 
AP1 generates and transmits a trigger frame 312 that with a downlink SR transmission , e . g . , to STA21 and / or to 

prompts STA11 and STA12 to generate an uplink multi - user another client station associated with AP2 . 
( UL MU ) PHY data unit 316 ( e . g . , an UL MU PPDU ) . The I n an embodiment , in connection with receiving the 
UL MU PHY data unit 316 includes respective UL trans - 55 trigger frame 312 , STA11 and STA12 generate respective 
missions 320 from STA11 and STA12 . As used herein , the PPDUS ( referred to herein as UL PPDUs 320 ) corresponding 
term “ frame ” refers to a MAC data unit such as an MPDU , to the UL transmissions 320 . Each UL PPDU 320 includes 
an A - MPDU , an MSDU , etc . Thus , the trigger frame 312 is a PHY header with a signal field ( e . g . , HE - SIGA ) , with 
included in a PHY data unit ( e . g . , a PPDU ) prior to trans - subfields corresponding to SRP , BSS color , and an indication 
mission . 60 of a duration of the UL MU PHY data unit 316 . For example , 

To facilitate SR transmissions in other networks , the STA11 and STA12 populate SRP subfields in the UL PPDUS 
trigger frame 312 and the UL transmissions 320 include 320 with the SRP value included in the trigger frame 312 . 
various information for communication devices in other Additionally , STA11 and STA12 populate BSS color sub 
networks to use in determining whether an SR transmission fields in the UL PPDUS 320 with the BSS color correspond 
can be performed , and / or to adjust a transmit power level for 65 ing to BSS1 . Additionally , STA11 and STA12 populate 
an SR transmission to reduce or mitigate degradation of duration subfields in the UL PPDUs 320 with a value 
reception of the UL MU PHY data unit 316 in BSS1 by AP1 . indicating the duration of the UL MU PHY data unit 316 . 
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STA11 and STA12 transmit the UL PPDUs 320 , which For example , in an embodiment , the transmission in the 
correspond the UL MU PHY data unit 316 . Upon receiving second wireless network corresponds to an UL MU trans 
STA21 receiving the UL MU PHY data unit 316 , STA21 mission prompted by a trigger frame . In an embodiment , the 
determines the SRP , the BSS color , and the value indicating spatial reuse parameter is included in a second packet that 
the duration of the UL MU PHY data unit 316 from the 5 includes the trigger frame ( e . g . , trigger frame 312 of FIG . 3 ) 
signal fields in the UL MU PHY data unit 316 . Using the and is transmitted by an AP ( e . g . , AP 114 - 2 of FIG . 1 , AP1 
SRP and the measured RSSISTAO , STA21 calculates of FIG . 3 ) in the second network . In another embodiment , 
TXpower SR . max according to Equation 5 , for example . Addi - the spatial reuse parameter is included in an UL data 
tionally , STA21 calculates a duration of an SR transmission transmission ( e . g . , UL data transmission 320 in UL MU 
opportunity ( Durationsr opp ) using the value indicating the 10 PPDU 316 of FIG . 3 ) responsive to a trigger frame , and is 
duration of the UL MU PHY data unit 316 . transmitted by a client station ( e . g . , client station 194 of FIG . 

If STA21 determines that i ) Durationsr opp is sufficient for 1 , STA11 and / or STA12 of FIG . 3 ) in the second network . 
an UL transmission by STA21 , and ii ) that STA21 can use At block 408 , the first communication device ( e . g . , the 
a transmit power less than TXpowers for the UL trans - network interface device 162 of FIG . 1 , STA21 of FIG . 3 ) 
mission by STA21 , then STA21 generates an UL PHY data 15 generates the first packet to include information to indicate 
unit 340 , and performs a backoff procedure 350 . If perfor to a third communication device ( e . g . , AP 114 - 1 of FIG . 1 , 
mance of the backoff procedure indicates that the STA21 can AP2 of FIG . 3 ) that the third communication device should 
transmit , then STA21 transmits the UL PHY data unit 340 to not transmit a third , acknowledgment packet according to a 
AP2 . A procedure to determine whether an SR transmission normal acknowledgment procedure during the spatial reuse 
can be made such as described above is sometimes referred 20 opportunity , wherein the third communication device is an 
to as “ opportunistic adaptive CCA ” or “ OA - CCA ” , and an intended receiver of the first packet . 
SR transmission performed in accordance with OA - CCA is In an embodiment , the normal acknowledgment proce 
sometimes referred to an OA - CCA transmission . dure corresponds to transmitting an ACK ( e . g . , ACK 354 , 

Typically , in response to AP2 receiving any PHY data unit which may be an Ack , a compressed Block Ack ( BA ) , a 
addressed to AP2 , AP2 will transmit an acknowledgment 25 multi - STA BA , or other suitable acknowledgement frame ) a 
PHY data unit ( ACK ) 354 a defined time period after the end defined time period after an end of a PHY data unit that is 
of PHY data unit without first performing a CCA assessment being acknowledged ( e . g . , UL PPDU 340 ) without first 
and / or without first assessing whether the channel medium performing a CCA assessment and / or without first assessing 
is idle ( sometimes referred to herein as a " transmitting whether the channel medium is idle . Additionally , the nor 
according to a normal acknowledgment procedure ” ) . Thus , 30 mal acknowledgment procedure corresponds to transmitting 
in response to AP2 receiving the UL PHY data unit 340 , AP2 the ACK ( e . g . , ACK 354 ) at a normal transmit power level 
will transmit ACK 354 back to STA21 the defined time which is a higher power level than the third communication 
period after the end of UL PHY data unit 340 . If AP2 is device would use when the third communication device is 
located more closely to AP1 than STA21 ( as depicted in FIG . transmitting a spatial reuse transmission , according to 
2 ) , however , transmission of ACK 354 may interfere with 35 another embodiment . 
APl ' s reception of UL MU PHY data unit 316 , i . e . , ACK . In an embodiment , the information that indicates to the 
354 “ collides ” with UL MU PHY data unit 316 . third communication device that the third communication 

Thus , in some embodiments described below , AP2 does device should not transmit the third , acknowledgment 
not transmit the ACK 354 according to the normal acknowl - packet according to the normal acknowledgment procedure 
edgment procedure . 40 during the spatial reuse opportunity includes an indicator in 

FIG . 4 is a flow diagram of an example method 400 for a field of a header ( e . g . , a MAC header , a PHY header , etc . ) 
transmitting a packet during a spatial reuse transmission of the first packet , the indicator indicating that the first 
opportunity such that a receiving device does not transmit an packet is being transmitted during a spatial reuse opportu 
ACK according to the normal acknowledgment procedure , nity corresponding to a transmission in the second wireless 
according to an embodiment . In some embodiments , the 45 network . In an embodiment , the information to indicate to a 
network interface device 162 of FIG . 1 is configured to third communication device that the third communication 
implement the method 400 , and the method 400 is described device should not transmit an acknowledgment packet 
with reference to FIG . 1 merely for explanatory purposes . according to a normal acknowledgment procedure is in an 
FIG . 4 is described also with reference to FIG . 3 merely for HE variant Control field in a MAC header . For example , the 
explanatory purposes . In other embodiments , however , the 50 HE variant Control field includes one or more control 
method 400 is implemented by another suitable device subfields , each including i ) a control identifier ( ID ) that 
different than the example devices of FIG . 1 and / or in indicates a type of control information included in the 
connection with other types of transmissions different that control subfield , and ii ) the control information . Thus , in an 
the example scenario depicted in FIG . 3 . Similarly , in some embodiment , a network interface device ( e . g . , a MAC 
embodiments , the network interface device 162 of FIG . 1 is 55 processor ) generates a HE variant Control field with a 
not configured to implement the method 400 . control subfield having i ) a control ID set to indicate that the 
At block 404 , a first communication device ( e . g . , the control subfield includes information to indicate whether a 

network interface device 162 of FIG . 1 , STA21 of FIG . 3 ) in third communication device should not transmit an acknowl 
a first wireless network ( e . g . , the network 110 - 1 ) determines edgment packet according to a normal acknowledgment 
a transmit power for transmitting a first packet during a 60 procedure , and ii ) control information that includes infor 
spatial reuse opportunity corresponding to a transmission in mation to indicate to a third communication device that the 
a second wireless network ( e . g . , the network 110 - 2 ) . In an third communication device should not transmit an acknowl 
embodiment , block 404 includes using a spatial reuse edgment packet according to a normal acknowledgment 
parameter included in a second packet transmitted by a procedure . As will be described below , the third communi 
second communication device in the second wireless net - 65 cation device , upon receiving the first packet and determin 
work , wherein the spatial reuse parameter is indicative of an ing that the first packet includes the indicator , refrains from 
acceptable interference level in the second wireless network . transmitting the third , acknowledgment packet using the 



11 
US 10 , 375 , 695 B2 

12 
normal acknowledgment procedure . For example , in an FIG . 5 is a flow diagram of an example method 500 for 
embodiment , the third communication device uses a CCA transmitting an ACK packet , according to an embodiment . 
procedure to determine whether the communication channel In some embodiments , the network interface device 122 of 
is idle and does not transmit the third , acknowledgment FIG . 1 is configured to implement the method 500 , and the 
packet until determining that the communication is idle . As 5 method 500 is described with reference to FIG . 1 merely for 
another example , the third communication device uses a explanatory purposes . FIG . 5 is described also with refer 
spatial reuse procedure to determine a reduced transmit e nce to FIG . 3 merely for explanatory purposes . In other 
power at which to transmit the third , acknowledgment embodiments , however , the method 500 is implemented by 
packet , according to another embodiment . another suitable device different than the example devices of 

In another embodiment the information that indicates to 10 FIG . 1 and / or in connection with other types of transmis 
the third communication device that the third communica - sions different that the example scenario depicted in FIG . 3 . 
tion device should not transmit the third , acknowledgment Similarly , in some embodiments , the network interface 
packet according to the normal acknowledgment procedure device 122 of FIG . 1 is not configured to implement the 
during the spatial reuse opportunity includes an indicator in 16 method 500 . 
a field of a header ( e . g . , a MAC header , a PHY header , etc . ) At block 504 , a first communication device ( e . g . , the 
of the first packet that the first packet should be acknowl network interface device 122 of FIG . 1 , AP2 of FIG . 3 ) in 
edged using a block acknowledgment procedure and in a first wireless network ( e . g . , the network 110 - 1 ) receives a 
response to a subsequent block acknowledgment request first packet from a second communication device ( e . g . , the 
transmitted by the first communication device . For example , 20 network interface device 162 of FIG . 1 , STA21 of FIG . 3 ) in 
block 408 includes generating a MAC header , within the first a first wireless network ( e . g . , the network 110 - 1 ) . 
packet , that includes an acknowledgment policy subfield set At block 508 , the first communication device ( e . g . , the 
with a value to indicate that the first packet should be network interface device 162 of FIG . 1 , STA21 of FIG . 3 ) 
acknowledged using a block acknowledgment ( BA ) proce - determines that the first packet was transmitted during a 
dure in which the first communication device subsequently 25 spatial reuse opportunity corresponding to a transmission in 
requests the third communication device to transmit BA a second wireless network ( e . g . , the network 110 - 2 ) . In an 
information . As will be described below , the third commu - embodiment , the first packet includes spatial reuse informa 
nication device , upon receiving the first packet and deter - tion that indicates that the first packet was transmitted during 
mining that the first packet includes the indicator that the a spatial reuse opportunity corresponding to a transmission 
first packet should be acknowledged using a BA procedure , 30 in a second wireless network , and block 508 includes 
refrains from transmitting the third , acknowledgment packet analyzing the spatial reuse information to determine that the 
using the normal acknowledgment procedure . For example , first packet was transmitted during a spatial reuse opportu 
in an embodiment , the third communication device waits for n ity corresponding to a transmission in a second wireless 
the first communication device to prompt the third commu network . 
nication device with a subsequent fourth packet ( e . g . , that 35 In another embodiment , block 508 includes analyzing 
includes a BA request frame ) to transmit the third , acknowl - information in one or more other packets transmitted by 
edgment packet . other communication devices in the second wireless network 

At block 412 , the first communication device ( e . g . , the to determine that the first packet was transmitted during a 
network interface device 162 of FIG . 1 , STA21 of FIG . 3 ) spatial reuse opportunity . For example , in an embodiment , 
transmits the first packet to the third communication device 40 the transmission in the second wireless network corresponds 
( e . g . , the e . g . , AP 114 - 1 of FIG . 1 , AP2 of FIG . 3 ) at the to an UL MU transmission prompted by a trigger frame . In 
transmit power determined at block 404 . an embodiment , the first communication device analyzes 
At block 416 , the first communication device ( e . g . , the information in one or both of the trigger frame and the UL 

network interface device 162 of FIG . 1 , STA21 of FIG . 3 ) MU transmission in the second wireless network , such as a 
receives the third , ACK packet from the third communica - 45 spatial reuse parameter ( e . g . , as described above ) , duration 
tion device ( e . g . , the e . g . , AP 114 - 1 of FIG . 1 , AP2 of FIG . information that indicates a duration of the UL MU trans 
3 ) , wherein the third , ACK packet was not transmitted by the mission , etc . 
third communication device using the normal ACK proce - At block 512 , the first communication device ( e . g . , the 
dure . For example , the third communication device does not network interface device 122 of FIG . 1 , AP2 of FIG . 3 ) 
begin transmitting the third , ACK packet within a time 50 generates a second packet to acknowledge receipt of the first 
period defined by a communication protocol for transmitting packet . 
ACK packets , the time period corresponding to the fixed At block 516 , in response to determining that the first 
time period after the end of the first communication device . packet was transmitted during the spatial reuse opportunity 
Rather , the third communication device begins transmitting corresponding to the transmission in the second wireless 
the third , ACK packet at a time , after the time period defined 55 network , the first communication device ( e . g . , the network 
by the communication protocol , at which the third commu interface device 122 of FIG . 1 , AP2 of FIG . 3 ) transmits the 
nication device determined that the communication channel second packet according to a procedure that is not a normal 
became idle . acknowledgment procedure . In an embodiment , block 516 
As another example , the third communication device does includes not transmitting the second , ACK packet within a 

not transmit the third , ACK packet at a normal transmit 60 time period defined by a communication protocol for trans 
power level , but rather uses a reduced transmit power level , mitting ACK packets , the time period corresponding to the 
according to another embodiment . As yet another example , fixed time period after the end of the first communication 
the third communication device waits for the first commu - device , but rather beginning to transmit the second , ACK 
nication device to prompt the third communication device packet at a time , after the time period defined by the 
with a subsequent fourth packet ( e . g . , that includes a BA 65 communication protocol , at which the first communication 
request frame ) to transmit the third , acknowledgment device determines that the communication channel became 
packet , according to another embodiment . idle , e . g . , using a CCA procedure . 
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In another embodiment , block 516 additionally or alter - opportunity corresponding to a transmission in a second 

natively includes transmitting the second packet at a trans wireless network . In an embodiment , block 704 includes 
mit power that is lower than a normal transmit power . For determining a time period of the spatial reuse opportunity 
example , the first communication device uses a procedure , and / or a maximum transmit power that can be used during 
similar to the procedure discussed above with reference to 5 the spatial reuse opportunity using information ( SRP param 
FIG . 3 and in connection with transmitting the packet 340 , eter , duration , etc . ) included in one or more transmissions in 
to determine a reduced transmit power to use during the the second wireless network . For example , the first commu 
spatial reuse opportunity , and uses the reduced transmit nication device uses a procedure , similar to the procedure 
power to transmit the second , ACK packet . discussed above with reference to FIG . 3 , to determine a 

In an embodiment , if the first communication device does 10 time duration of the spatial reuse opportunity and a maxi 
not determine that the first packet was transmitted during a mum transmit power that can be used during the spatial 
spatial reuse opportunity ( e . g . , in connection to block 508 ) , reuse opportunity , according to an embodiment . 
the first communication device uses a normal acknowledg . At block 708 , the first communication device ( e . g . , the 
ment procedure to transmit the second , ACK packet , and network interface device 162 of FIG . 1 , STA21 of FIG . 6 ) 
block 516 is not performed . 15 generate an RTS packet ( e . g . , RTS packet 612 , a PHY data 

In some embodiments , a communication device that is to unit that includes an RTS frame ) . At block 712 , responsive 
transmit during a spatial reuse opportunity first uses a to determining to attempt to transmit the data packet during 
request - to - send ( RTS ) , clear - to - send ( CTS ) procedure to the spatial reuse opportunity , the first communication device 
determine whether the intended recipient detects an idle ( e . g . , the network interface device 162 of FIG . 1 , STA21 of 
communication channel during the spatial reuse opportunity . 20 FIG . 6 ) transmits the RTS packet to a second communication 

FIG . 6 is a timing diagram of transmissions in the system device ( e . g . , AP2 ) in the first wireless network . 
200 of FIG . 2 . The transmissions shown in FIG . 6 are similar At block 716 , the first communication device ( e . g . , the 
to the transmissions shown in FIG . 3 , and like - numbered network interface device 162 of FIG . 1 , STA21 of FIG . 6 ) 
elements are not discussed in detail for purpose of brevity . determines whether the first communication device received 
Transmissions 304 are made by communication devices in 25 a CTS packet ( e . g . , CTS packet 616 , a PHY data unit that 
BSS1 , whereas transmissions 608 are made by communi - includes a CTS frame ) responsive to the RTS packet trans 
cation devices in BSS2 . mitted at block 712 . In an embodiment , block 716 includes 

Similar to the example discussed above with respect to determining whether the first communication device 
FIG . 2 , STA21 determines to attempt a spatial reuse trans - received the CTS packet within a defined time period after 
mission of a data packet during transmission 316 of BSS1 . 30 an end of transmission of the RTS packet . 
In response to determining to attempt the spatial reuse If the first communication device ( e . g . , the network inter 
transmission , STA21 transmits an RTS packet 612 ( e . g . , a face device 162 of FIG . 1 , STA21 of FIG . 6 ) determines at 
packet that includes an RTS frame ) to AP2 . Upon receiving block 716 that the CTS packet was received , the flow 
the RTS packet 612 , AP2 determines whether the commu - proceeds to block 720 . At block 720 , the first communica 
nication channel is idle from the standpoint of AP2 . If AP2 35 tion transmits the data packet during the spatial reuse 
determines that the communication channel is idle from the opportunity , the data packet having been generated by the 
standpoint of AP2 and responsive to the RTS packet 612 , first communication device ( e . g . , the network interface 
AP2 sends a CTS packet 612 ( e . g . , a packet that includes a device 162 of FIG . 1 , STA21 of FIG . 6 ) . 
CTS frame ) to STA21 within a defined time period . On the On the other hand , if the first communication device ( e . g . , 
other hand , if AP2 determines that the communication 40 the network interface device 162 of FIG . 1 , STA21 of FIG . 
channel is not idle from the standpoint of AP2 , AP2 does not 6 ) determines at block 716 that the CTS packet was not 
send a CTS packet 612 ( e . g . , a packet that includes an RTS received in response to the RTS packet transmitted at block 
frame ) to STA21 . 712 , the flow ends without transmitting the data packet . 

If STA21 receives the CTS packet 612 within the defined The method 700 is used in conjunction with one or more 
time period , STA21 transmits the data packet 340 during the 45 other methods described herein , in some embodiments . In 
spatial reuse opportunity . On the other hand , if STA21 does other embodiments , however , the method 700 is used inde 
not receive the CTS packet 612 within the defined time pendently of the other methods described herein . 
period , STA21 does not transmit the data packet 340 . Referring again to FIG . 1 , in some embodiments , the APs 

FIG . 7 is a flow diagram of an example method 700 for 114 and the client stations 154 / 194 employ a dynamic CCA 
selectively transmitting a data packet during a spatial reuse 50 procedure . With a dynamic CCA procedure , the AP / client 
transmission opportunity , according to an embodiment . In station may use a higher threshold level for valid signals 
some embodiments , the network interface device 162 of ( e . g . , signals having a PHY header that the AP / client station 
FIG . 1 is configured to implement the method 700 , and the can properly decode ) from another network ( e . g . , an OBSS ) 
method 700 is described with reference to FIG . 1 merely for as compared to the threshold level for valid signals from the 
explanatory purposes . FIG . 7 is described also with refer - 55 network to which the AP / client station belongs ( e . g . , the 
ence to FIG . 6 merely for explanatory purposes . In other same BSS ) . For example , an AP / client station might deem a 
embodiments , however , the method 700 is implemented by 20 MHz channel to be idle if the energy level of a valid 
another suitable device different than the example devices of signal from another network is less than - 62 dBm ( i . e . , the 
FIG . 1 and / or in connection with other types of transmis - same threshold level as for energy corresponding to signals 
sions different that the example scenario depicted in FIG . 6 . 60 that are not valid signals ) , but deem the channel to be busy 
Similarly , in some embodiments , the network interface if the energy level of a signal from the same network is 
device 162 of FIG . 1 is not configured to implement the greater than - 82 dBm . Thus , an energy level of - 70 dBm of 
method 700 . a valid signal from a different network would result in the 

At block 704 , a first communication device ( e . g . , the device determining that the channel is idle , whereas an 
network interface device 162 of FIG . 1 , STA21 of FIG . 6 ) in 65 energy level of - 70 dBm a valid signal from the same 
a first wireless network ( e . g . , the network 110 - 1 ) determines network would result in the device determining that the 
to attempt to transmit a data packet during a spatial reuse channel is busy . Providing a higher signal power threshold 
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for transmissions corresponding to another network helps to Some communication devices use a timer to monitor 
promote spatial reuse between different BSSs , at least in when a communication channel is being used by one or more 
some embodiments and / or scenarios . The higher signal other communication devices . For example , the IEEE 
power thresholds are sometimes referred to herein as the 802 . 11 Standard defines a network allocation vector ( NAV ) 
" adjusted signal level thresholds ” , or “ adjusted CCA levels ” . 5 that is set by a communication device upon receiving a 

In some embodiments , APs / client stations may use an packet from another communication device that includes 
adjusted CCA level that can be varied between a maximum duration information in a header of the packet , the duration 
level and a minimum level and can be set to a plurality of information indicating a length of time that the other com 

munication device will be using a channel medium . The different values between the maximum level and the mini 
mum level , such an adjusted CCA level is sometimes 10 NAV is decremented over time . When the NAV is non - zero , 

the communication device assumes that the other commu referred to as an “ OBSS packet detection level ” , or an 
“ OBSS _ PD level ” . In some embodiments , the PHY proces nication device is using the channel medium and will refrain 

from transmitting . When the NAV reaches zero , however , sor 130 and / or the PHY processor 170 include circuitry for the communication device may attempt to transmit on the determining an energy level of signals on a channel medium , 15 channel medium . Thus , some communication devices comparing the energy level to a threshold ( e . g . , an adjusted include a NAV timer circuit that implements the NAV as 
CCA level , an OBSS _ PD level , etc . ) , and generating an discussed above . In an embodiment , the NAV timer circuit 
output that indicates whether the energy level of signals on is included in the MAC processor 126 and / or the MAC 
the channel medium meet the threshold . processor 166 . 

Using OBSS _ PD levels such as described above generally 20 FIG . 9 is a timing diagram of transmissions in a system 
will lead to more SR transmissions . However , some SR similar to the system 200 of FIG . 3 . The transmissions 
transmissions in a BSS may interfere with or degrade data shown in FIG . 9 are similar to the transmissions shown in 
rates in an OBSS . Therefore , to reduce or mitigate degra - FIG . 3 , and like - numbered elements are not discussed in 
dation of transmissions in OBSSS , APs / client stations may detail for purpose of brevity . Transmissions 904 are made by 
lower transmit levels of SR transmissions in accordance 25 communication devices in BSS1 , and transmissions 308 are 
with a value of the OBSS _ PD level being used . made by communication devices in BSS2 . 

For example , an AP / client station sets a maximum trans - In the example of FIG . 9 , AP1 transmits a multi - user RTS 
mit power according to the OBSS _ PD level being used , packet 908 prior to transmitting the trigger packet 312 . 
according to an embodiment . Generally , as the OBSS PD Additionally , STA11 and STA12 transmit CTS packet ( s ) 912 
level is increased , the maximum transmit power that the 30 responsive to the RTS packet 908 prior to AP1 transmitting 
AP / client station can use ( Tx _ Max _ PwroBSS PD ) is the trigger packet 312 . Upon receiving RTS packet 908 , 
decreased , and as the OBSS _ PD level is decreased , STA21 may set a NAV timer using duration information 
Tx _ Max _ Pwr RSS PD is increased . included in an RTS frame included in the RTS packet 908 . 

FIG . 8 is a timing diagram of transmissions in a system Thus , upon receiving the trigger packet 312 , STA21 may 
similar to the system 200 of FIG . 2 , except the system of 35 determine that the NAV timer is non - zero and thus decide 
FIG . 8 includes a third wireless network , e . g . , BSS3 , which that the spatial reuse transmission 340 cannot be performed . 
includes an access point AP3 and a client station STA31 . The However , the RTS packet 908 and the CTS packet ( s ) 912 are 
transmissions shown in FIG . 8 are similar to the transmis - transmitted merely in connection with the UL MU trans 
sions shown in FIG . 3 , and like - numbered elements are not mission 320 , which otherwise provides a spatial reuse 
discussed in detail for purpose of brevity . Transmissions 304 40 opportunity . Thus , the setting of the NAV timer responsive 
are made by communication devices in BSS1 , transmissions to RTS packet 908 provides a " false ” busy indication for the 
308 are made by communication devices in BSS2 , and channel medium . 
transmissions 808 are made by communication devices in Thus , in an embodiment , the STA21 ( e . g . , the network 
BSS3 . interface device 162 ) , when setting a NAV timer in response 

In the example illustrated in FIG . 8 , STA21 is using an 45 to receiving a packet , also records information from the 
OBSS _ PD level and , packets 812 and 816 transmitted by packet that indicates a network ( e . g . , a BSS ) from which the 
AP3 and STA31 are received at STA21 at a level that is packet originated . For example , in an embodiment , the 
below the OBSS _ PD level . As a result , when STA21 per - STA21 ( e . g . , the network interface device 162 ) records one 
forms a CCA and backoff procedure prior to transmitting the of , or any suitable combination of two or more of , a source 
packet 340 , the STA21 determines that the channel medium 50 address in a MAC header of the packet , a transmitter address 
is idle . in the MAC header , a BSS color in a PHY header of the 

Additionally , as discussed above , STA21 determines a packet , etc . When determining whether a spatial reuse 
transmit power to use when transmitting the packet 340 . For transmission can be made during an UL MU transmission , 
example , STA21 determines the transmit power using the and if the NAV timer is non - zero , the STA21 ( e . g . , the 
SRP parameter in the UL transmission 316 in BSS1 . How - 55 network interface device 162 ) compares i ) information in the 
ever , if the transmit power determined using the SRP param trigger packet that indicates a network ( e . g . , a BSS ) from 
eter in the UL transmission 316 in BSS1 is greater than which the trigger packet originated with ii ) the information 
Tx _ Max _ PwroBSS pp , transmission of the packet 340 may recorded in connection with setting the NAV timer . For 
interfere with transmissions in BSS3 , such as a packet 820 example , the STA21 ( e . g . , the network interface device 162 ) 
transmitted by STA31 to AP3 . 60 compares i ) a source address or transmitter address in the 

Accordingly , in an embodiment , when a communication trigger packet with ii ) a MAC address recorded in connec 
device determined to transmit a packet during a spatial reuse tion with setting the NAV timer . As another example , the 
opportunity and when the communication device is using an STA21 ( e . g . , the network interface device 162 ) compares i ) 
OBSS PD level , the communication device uses a transmita BSS color in the trigger packet with ii ) a BSS color 
power that is less than or equal to Tx _ Max _ Pwr RSS PD . In 65 recorded in connection with setting the NAV timer . 
some embodiments , this feature is combined with the If the information in the trigger packet that indicates a 
method 400 of FIG . 4 and / or the method 700 of FIG . 7 . network that is the same as the network corresponding to the 
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packet used to set the NAV timer , then the STA21 ( e . g . , the communication device should not transmit the third packet 
network interface device 162 ) ignores the non - zero NAV according to the normal acknowledgment procedure during 
timer and goes forward with the spatial reuse transmission the spatial reuse opportunity includes generating the first 
340 . On the other hand , if the information in the trigger packet to include information to indicate to the third com 
packet that indicates a network that is different than the 5 munication device that the first packet should be acknowl 
network corresponding to the packet used to set the NAV edged using a block acknowledgment procedure and in 
timer , then the STA21 ( e . g . , the network interface device response to a subsequent request transmitted by the first 
162 ) does not ignore the non - zero NAV timer and refrains communication device . 
from performing the spatial reuse transmission 340 . For The method further includes determining , at the first 
example , if a source address or transmitter address in the 10 communication device , a dynamic energy threshold for 
trigger packet is the same as a MAC address recorded in detecting transmissions from other communication net 
connection with setting the NAV timer , then the STA21 ( e . g . , works . 
the network interface device 162 ) ignores the non - zero NAV The method further includes determining , at the first 
timer and goes forward with the spatial reuse transmission communication device , a maximum transmit power level 
340 . On the other hand , if the source address or transmitter 15 using the dynamic energy threshold . 
address in the trigger packet is not the same as the MAC Determining the transmit power for transmitting the first 
address recorded in connection with setting the NAV timer , packet during the spatial reuse opportunity further includes 
then the STA21 ( e . g . , the network interface device 162 ) does setting the transmit power at or below the maximum trans 
not ignore the non - zero NAV timer and refrains from per - mit power level . 
forming the spatial reuse transmission 340 . 20 The method further includes determining , at the first 

As another example , if a BSS color in the trigger packet communication device , whether a timer has expired , 
is the same as a BSS color recorded in connection with wherein the timer tracks the use of a communication 
setting the NAV timer , then the STA21 ( e . g . , the network medium by other communication devices . 
interface device 162 ) ignores the non - zero NAV timer and Transmitting the first packet is responsive to determining 
goes forward with the spatial reuse transmission 340 . On the 25 that the timer has expired . 
other hand , if the BSS color in the trigger packet is not the The method further includes receiving , at the first com 
same as BSS color recorded in connection with setting the munication device , a fourth packet . 
NAV timer , then the STA21 ( e . g . , the network interface The method further includes responsive to receiving the 
device 162 ) does not ignore the non - zero NAV timer and fourth packet , setting , at the first communication device , a 
refrains from performing the spatial reuse transmission 340 . 30 timer that tracks the use of a communication medium by 

In an embodiment , a method includes : determining , at a other communication devices . 
first communication device in a first wireless network , a The method further includes receiving , at the first com 
transmit power for transmitting a first packet during a spatial munication device , a fifth packet transmitted by a fourth 
reuse opportunity corresponding to a transmission in a communication device in the second wireless network , 
second wireless network , wherein determining the transmit 35 wherein the fifth packet includes a trigger frame that 
power includes using a spatial reuse parameter included in prompts the second communication device in the second 
a second packet transmitted by a second communication wireless network to transmit the second packet . 
device in the second wireless network , wherein the spatial The method further includes comparing , at the first com 
reuse parameter is indicative of an acceptable interference munication device , an address of the fourth communication 
level in the second wireless network ; generating , at a first 40 device with an address of the communication device that 
communication device , the first packet to include informa - transmitted the fourth packet . 
tion to indicate to a third communication device that the Transmitting the first packet occurs i ) when the timer is 
third communication device should not transmit a third not expired , and ii ) the address of the fourth communication 
packet according to a normal acknowledgment procedure device is the same as the address of the communication 
during the spatial reuse opportunity , wherein the third com - 45 device that transmitted the fourth packet . 
munication device is an intended receiver of the first packet , The method further includes generating , at the first com 
and wherein the third packet is an acknowledgment of the munication device , a request - to - send ( RTS ) packet . 
first packet ; transmitting , by the first communication device , The method further includes transmitting , by the first 
the first packet at the determined transmit power ; and communication device , the RTS packet . 
receiving , at the first communication device , the third packet 50 The method further includes determining , at the first 
from the third communication device , the third packet communication device , whether the first communication 
having not been transmitted according to the normal device received a clear - to - send ( CTS ) packet in response to 
acknowledgment procedure during the spatial reuse oppor the RTS packet . 
tunity . Transmitting the first packet is responsive to determining 

In other embodiments , the method also includes one of , or 55 that the first communication device received the CTS packet 
any suitable combination of two or more of , the following in response to the RTS packet . 
features . In another embodiment , an apparatus comprises a net 
Generating the first packet to include information to work interface device associated with a first communication 

indicate to the third communication device that the third device in a first wireless network . The network interface 
communication device should not transmit the third packet 60 device includes one or more integrated circuits ( ICs ) con 
according to the normal acknowledgment procedure during figured to : determine a transmit power for transmitting a first 
the spatial reuse opportunity includes generating the first packet during a spatial reuse opportunity corresponding to a 
packet to include information to indicate to the third com transmission in a second wireless network , wherein deter 
munication device that the first packet is being transmitted mining the transmit power includes using a spatial reuse 
during the spatial reuse opportunity . 65 parameter included in a second packet transmitted by a 

Generating the first packet to include information to second communication device in the second wireless net 
indicate to the third communication device that the third work , wherein the spatial reuse parameter is indicative of an 
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1 packet . 

acceptable interference level in the second wireless network , The one or more ICs are configured transmit the first 
generate the first packet to include information to indicate to packet when i ) when the timer is not expired , and ii ) the 
a third communication device that the third communication information in the fifth packet that indicates that the fifth 
device should not transmit a third packet according to a packet originated in the same wireless network as the 
normal acknowledgment procedure during the spatial reuse 5 wireless network from which the fourth packet originated . 
opportunity , wherein the third communication device is an The one or more ICs are configured to generate a request 
intended receiver of the first packet , and wherein the third to - send ( RTS ) packet . 
packet is an acknowledgment of the first packet , transmit the The one or more ICs are configured to transmit the RTS 
first packet at the determined transmit power , and receive the 
third packet from the third communication device , the third 10 The one or more ICs are configured to determine whether packet having not been transmitted according to the normal the first communication device received a clear - to - send acknowledgment procedure during the spatial reuse oppor ( CTS ) packet in response to the RTS packet . tunity . 

In other embodiments , the apparatus also comprises one The one or more ICs are configured to transmit the first 
of , or any suitable combination of two or more of , the 15 pa ore of the 15 packet responsive to determining that the first communica 
following features . tion device received the CTS packet in response to the RTS 

The one or more ICs are configured to generate the first packet . 
packet to include information to indicate to the third com - The network interface device includes a media access 
munication device that the first packet is being transmitted control layer ( MAC ) processor implemented on the one or 
during the spatial reuse opportunity . 20 more ICs . 

The one or more ICs are configured to generate the first The network interface device includes a physical layer 
packet to include information to indicate to the third com - ( PHY ) processor implemented on the one or more ICs , and 
munication device that the first packet should be acknowl - coupled to the MAC processor . 
edged using a block acknowledgment procedure and in The MAC processor is configured to generate a MAC data 
response to a subsequent request transmitted by the first 25 unit to include the information to indicate to the third 
communication device . communication device that the third communication device 

The one or more ICs are configured to determine a should not transmit the third packet according to the normal 
dynamic energy threshold for detecting transmissions from acknowledgment procedure . 
other communication networks ; The PHY processor is configured to generate the first 

The one or more ICs are configured determine a maxi - 30 packet to include the MAC data unit , wherein the first packet 
mum transmit power level using the dynamic energy thresh - is a PHY data unit . 
old . In still another embodiment , a method includes : receiving , 

The one or more ICs are configured set the transmit power at a first communication device in a first wireless network , 
for transmitting the first packet during the spatial reuse a first packet from a second communication device in the 
opportunity at or below the maximum transmit power level . 35 first wireless network ; determining , at the first communica 

The network interface device includes a timer circuit tion device , that the first packet was transmitted during a 
implemented on the one or more ICs , the timer circuit being spatial reuse opportunity corresponding to a transmission in 
used by the network interface device to track the use of a a second wireless network ; generating , at the first commu 
communication medium by other communication devices . nication device , a second packet that is an acknowledgment 

The one or more ICs are configured to determine whether 40 of the first packet ; and in response to determining that the 
the timer has expired . first packet was transmitted during the spatial reuse oppor 

The one or more ICs are configured transmit the first tunity corresponding to the transmission in the second 
packet when the timer has expired . wireless network , transmitting the second packet according 

The network interface device includes i ) a timer circuit to a procedure that is not a normal acknowledgment proce 
implemented on the one or more ICs , the timer circuit being 45 dure , including at least one of : i ) performing a clear channel 
used by the network interface device to track the use of a assessment ( CCA ) procedure to determine whether a com 
communication medium by other communication devices , munication channel is idle , and transmitting the second 
and ii ) a memory implemented on the one or more ICs . packet responsive to determining that the communication 

The one or more ICs are configured to receive a fourth channel is idle , and / or transmitting the second packet at a 
packet . 50 transmit power that is lower than a normal transmit power . 

The one or more ICs are configured to , responsive to In other embodiments , the method also includes one of , or 
receiving the fourth packet , i ) set the timer circuit using any suitable combination of two or more of , the following 
duration information included in the fourth packet , and ii ) features . 
store in the memory information in the fourth packet that Determining that the first packet was transmitted during 
indicates a wireless network from which the fourth packet 55 the spatial reuse opportunity corresponding to the transmis 
originated . sion in the second wireless network includes analyzing a 

The one or more ICs are configured receive a fifth packet field in a header of the first packet that indicates the first 
transmitted by a fourth communication device in the second packet was transmitted during the spatial reuse opportunity 
wireless network , wherein the fifth packet includes a trigger corresponding to the transmission in the second wireless 
frame that prompts the second communication device in the 60 network . 
second wireless network to transmit the second packet . The method further includes determining , at the first 

The one or more ICs are configured compare i ) informa - communication device , the transmit power for transmitting 
tion in the fifth packet that indicates the fifth packet origi the second packet including using a spatial reuse parameter 
nated in the second wireless network with ii ) the information included in a third packet transmitted by a third communi 
in the fourth packet stored in the memory information that 65 cation device in the second wireless network , wherein the 
indicates the wireless network from which the fourth packet spatial reuse parameter is indicative of an acceptable inter 
originated . ference level in the second wireless network . 

w 
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Transmitting the second packet according to the proce - When implemented in hardware , the hardware may com 

dure that is not the normal acknowledgment procedure , prise one or more of discrete components , an integrated 
includes transmitting the second packet at the transmit circuit , an application - specific integrated circuit ( ASIC ) , a 
power determined using the spatial reuse parameter included programmable logic device ( PLD ) , etc . 
in the third packet . 5 While the present invention has been described with 

In yet another embodiment , an apparatus comprising a reference to specific examples , which are intended to be 
network interface device associated with a first communi - illustrative only and not to be limiting of the invention , 
cation device in a first wireless network . The network changes , additions and / or deletions may be made to the 
interface device includes one or more integrated circuits disclosed embodiments without departing from the scope of 
( ICs ) configured to : receive a first packet from a second 10 the invention . 
communication device in the first wireless network , deter - What is claimed is : 
mine that the first packet was transmitted during a spatial 1 . A method , comprising : 
reuse opportunity corresponding to a transmission in a determining , at a first communication device in a first 
second wireless network , generate a second packet that is an wireless network , a transmit power for transmitting a 
acknowledgment of the first packet , and in response to 15 first packet during a spatial reuse opportunity corre 
determining that the first packet was transmitted during the sponding to a transmission in a second wireless net 
spatial reuse opportunity corresponding to the transmission work , wherein determining the transmit power includes 
in the second wireless network , transmit the second packet using a spatial reuse parameter included in a second 
according to a procedure that is not a normal acknowledg packet transmitted by a second communication device 
ment procedure , including at least one of : i ) performing a 20 in the second wireless network , wherein the spatial 
clear channel assessment ( CCA ) procedure to determine reuse parameter is indicative of an acceptable interfer 
whether a communication channel is idle , and transmitting ence level in the second wireless network ; 
the second packet responsive to determining that the com generating , at the first communication device , the first 
munication channel is idle , and / or ii ) transmitting the second packet to include information to indicate to a third 
packet at a transmit power that is lower than a normal 25 communication device that the third communication 
transmit power . device is not to transmit a third packet according to a 

In other embodiments , the apparatus also comprises one normal acknowledgment procedure during the spatial 
of , or any suitable combination of two or more of , the reuse opportunity , wherein according to the normal 
following features . acknowledgement procedure one or both of i ) the third 

The one or more ICs are configured to analyze a field in 30 packet is to be automatically transmitted a defined time 
a header of the first packet that indicates the first packet was period after an end of the first packet and ii ) the third 
transmitted during the spatial reuse opportunity correspond packet is to be transmitted at a particular transmit 
ing to the transmission in the second wireless network . power , wherein the third communication device is an 

The one or more ICs are configured to use a spatial reuse intended receiver of the first packet , and wherein the 
parameter included in a third packet transmitted by a third 35 third packet is an acknowledgment of the first packet ; 
communication device in the second wireless network to transmitting , by the first communication device , the first 
determine the transmit power for transmitting the second packet at the determined transmit power ; and 
packet , wherein the spatial reuse parameter is indicative of receiving , at the first communication device , the third 
an acceptable interference level in the second wireless packet from the third communication device , the third 
network . packet having not been transmitted according to the 

The one or more ICs are configured to transmit the second normal acknowledgment procedure during the spatial 
packet at the transmit power determined using the spatial reuse opportunity . 
reuse parameter included in the third packet . 2 . The method of claim 1 , wherein generating the first 

The network interface device includes a media access packet to include information to indicate to the third com 
control layer ( MAC ) processor implemented on the one or 45 munication device that the third communication device is 
more ICs . not to transmit the third packet according to the normal 

The network interface device includes a physical layer acknowledgment procedure during the spatial reuse oppor 
( PHY ) processor implemented on the one or more ICs , and tunity includes : 
coupled to the MAC processor . generating the first packet to include information to 

The MAC processor is configured to determine that the 50 indicate to the third communication device that the first 
first packet was transmitted during a spatial reuse opportu packet is being transmitted during the spatial reuse 
nity corresponding to a transmission in a second wireless opportunity . 
network . 3 . The method of claim 1 , wherein generating the first 

At least some of the various blocks , operations , and packet to include information to indicate to the third com 
techniques described above may be implemented utilizing 55 munication device that the third communication device is 
hardware , a processor executing firmware instructions , a not to transmit the third packet according to the normal 
processor executing software instructions , or any combina - acknowledgment procedure during the spatial reuse oppor 
tion thereof . When implemented utilizing a processor tunity includes : 
executing software or firmware instructions , the software or generating the first packet to include information to 
firmware instructions may be stored in any computer read - 60 indicate to the third communication device that the first 
able memory such as on a magnetic disk , an optical disk , or packet is to be acknowledged using a block acknowl 
other storage medium , in a RAM or ROM or flash memory , edgment procedure and in response to a subsequent 
processor , hard disk drive , optical disk drive , tape drive , etc . request transmitted by the first communication device . 
The software or firmware instructions may include machine 4 . The method of claim 1 , further comprising : 
readable instructions that , when executed by one or more 65 determining , at the first communication device , a dynamic 
processors , cause the one or more processors to perform energy threshold for detecting transmissions from other 
various acts . communication networks ; and 

40 
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compare i ) information in the fifth packet that indicates 17 . The method of claim 16 , wherein determining that the 

the fifth packet originated in the second wireless first packet was transmitted during the spatial reuse oppor 
network with ii ) the information in the fourth packet tunity corresponding to the transmission in the second 
stored in the memory information that indicates the wireless network includes : 
wireless network from which the fourth packet origi - 5 analyzing a field in a header of the first packet that 
nated , and indicates the first packet was transmitted during the 

transmit the first packet when i ) when the timer is not spatial reuse opportunity corresponding to the trans 
expired , and ii ) the information in the fifth packet mission in the second wireless network . 
that indicates that the fifth packet originated in the 18 . The method of claim 16 , further comprising : 
same wireless network as the wireless network from 10 determining , at the first communication device , the trans 
which the fourth packet originated . mit power for transmitting the second packet including 

14 . The apparatus of claim 8 , wherein the one or more ICs using a spatial reuse parameter included in a third 
are configured to : packet transmitted by a third communication device in 

generate a request - to - send ( RTS ) packet ; the second wireless network , wherein the spatial reuse 15 
transmit the RTS packet ; parameter is indicative of an acceptable interference 
determine whether the first communication device level in the second wireless network ; 

received a clear - to - send ( CTS ) packet in response to wherein transmitting the second packet according to the 
the RTS packet ; and procedure that is not the normal acknowledgment pro 

transmit the first packet responsive to determining that the 20 cedure , includes transmitting the second packet at the 
first communication device received the CTS packet in transmit power determined using the spatial reuse 
response to the RTS packet . parameter included in the third packet . 

15 . The apparatus of claim 8 , wherein : 19 . An apparatus , comprising : 
the network interface device includes : a network interface device associated with a first com 

a media access control layer ( MAC ) processor imple - 25 munication device in a first wireless network , wherein 
mented on the one or more ICs , and the network interface device includes one or more 

a physical layer ( PHY ) processor implemented on the integrated circuits ( ICs ) configured to : 
one or more ICs , and coupled to the MAC processor ; receive a first packet from a second communication 

the MAC processor is configured to generate a MAC data device in the first wireless network , 
unit to include the information to indicate to the third 30 determine that the first packet was transmitted during a 
communication device that the third communication spatial reuse opportunity corresponding to a trans 

mission in a second wireless network , device is not to transmit the third packet according to generate a second packet that is an acknowledgment of the normal acknowledgment procedure ; and the first packet , and the PHY processor is configured to generate the first 25 in response to determining that the first packet was packet to include the MAC data unit , wherein the first transmitted during the spatial reuse opportunity cor 
packet is a PHY data unit . responding to the transmission in the second wireless 

16 . A method , comprising : network , transmit the second packet according to a 
receiving , at a first communication device in a first procedure that is not a normal acknowledgment 

wireless network , a first packet from a second commu - 40 procedure , wherein according to the normal 
nication device in the first wireless network ; acknowledgement procedure one or both of i ) the 

determining , at the first communication device , that the second packet is to be automatically transmitted a 
first packet was transmitted during a spatial reuse defined time period after an end of the first packet 
opportunity corresponding to a transmission in a sec and ii ) the second packet is to be transmitted at a 
ond wireless network ; 45 particular transmit power , and wherein transmitting 

generating , at the first communication device , a second the second packet includes at least one of : 
packet that is an acknowledgment of the first packet ; i ) performing a clear channel assessment ( CCA ) 
and procedure to determine whether a communication 

in response to determining that the first packet was channel is idle , and transmitting the second packet 
transmitted during the spatial reuse opportunity corre - 50 responsive to determining that the communication 
sponding to the transmission in the second wireless channel is idle , and / or 
network , transmitting the second packet according to a ii ) transmitting the second packet at a transmit power 
procedure that is not a normal acknowledgment proce that is lower than the particular transmit power . 
dure , wherein according to the normal acknowledge 20 . The apparatus of claim 19 , wherein the one or more 
ment procedure one or both of i ) the second packet is 55 ICs are configured to : 
to be automatically transmitted a defined time period analyze a field in a header of the first packet that indicates 
after an end of the first packet and ii ) the second packet the first packet was transmitted during the spatial reuse 
is to be transmitted at a particular transmit power , and opportunity corresponding to the transmission in the 
wherein transmitting the second packet includes at least second wireless network . 
one of : 60 21 . The apparatus of claim 19 , wherein the one or more 
i ) performing a clear channel assessment ( CCA ) pro - ICs are configured to : 

cedure to determine whether a communication chan use a spatial reuse parameter included in a third packet 
nel is idle , and transmitting the second packet transmitted by a third communication device in the 
responsive to determining that the communication second wireless network to determine the transmit 
channel is idle , and / or 65 power for transmitting the second packet , wherein the 

ii ) transmitting the second packet at a transmit power spatial reuse parameter is indicative of an acceptable 
that is lower than the particular transmit power . interference level in the second wireless network ; 
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transmit the second packet at the transmit power deter 
mined using the spatial reuse parameter included in the 
third packet . 

22 . The apparatus of claim 19 , wherein : 
the network interface device includes : 

a media access control layer ( MAC ) processor imple 
mented on the one or more ICs , and 

a physical layer ( PHY ) processor implemented on the 
one or more ICs , and coupled to the MAC processor ; 

the MAC processor is configured to determine that the 10 
first packet was transmitted during a spatial reuse 
opportunity corresponding to a transmission in a sec 
ond wireless network . 


